. It exists as a cell-surface and extracellular molecule. In higher organisms it is also present in plasma in another form (see Yamada & Olden, 1978; Mosesson & Amrani, 1980 ; Saba & Jaffe, 1980) . Major known functions attributed to fibronectin are listed in Table 1 .
They include biological activities as diverse as cell adhesion, non-immune host defence and regulation of certain aspects of embryonic differentiation. Related to these activities are a number of binding activities to biologically important macromolecules, e.g. proteoglycans (Table 2 ). Ruoslahti & Engvall, 1980) . Although the mechanisms of these interactions have not been examined, they suggest the C. Suppresiion of cell-surface microvilli and ruffles D. Organization of actin-containing microfilaments IV. Cell motile and chemotactic activity (stimulation) V. Embryonic differentiation (inhibition or stimulation) VI. Non-immune opsonization in host defence. Fibronectin consists of at least five structural regions, indicated by the Roman numerals. The spheres and ellipsoidal structures represent the structural domains containing folded polypeptide regions. 'Domain' V is a small, very proteinase-labile, region at the C-terminus of the molecule and containing the inter-subunit disulphide bonds. The five fork-like projections from each monomer represent the oligosaccharide units. Glu-Ala-Glu-Glu possibility that fibronectin forms differing extracellular macromolecular complexes depending on the proteoglycan that first binds to it. The second major approach has been to study the domain structure of fibronectin in relation to its function. A variety of proteinases cleave the molecule into proteinase-resistant, relatively globular, structural domains that can be purified by affinity chromatography with the use of specific ligands such as heparin. Table 3 provides a partial listing of the domains that have been isolated to date, and Fig. 1 summarizes our current understanding of the structural arrangement of these regions on the intact molecule.
The binding domains of fibronectin that have been isolated are clearly distinct from one another in terms of amino acid composition and sequence, carbohydrate content and binding specificity (Table 4) . However, two of the domains that are Pronase-resistant and bind to collagen or to heparin are relatively globular, whereas the intact molecule is relatively elongated in shape. The globular configuration of these two domains of 40000 and 50000 daltons supports the suggestion that the molecule is composed of globular folded regions separated by regions of unfolded polypeptide (Alexander et al., 
1978).
Comparisons of fibronectins isolated from the cell surface or from plasma reveal many striking similarities, but also definite differences in structure: the structural differences are accompanied by substantial differences in several but not in all These findings suggest that these two forms of fibronectin may arise from different genes in multigene family or possibly even from differences in mRNA processing that might remove certain short coding regions for the molecule to result in the apparent deletions. It will be important to examine in more detail whether there are more subtle modifications in the binding regions for glycosaminoglycans in the two forms, e.g. in the hyaluronic acid-binding activity, which is present in the two forms as noted above, yet which may be considerably stronger in cell-surface fibronectin (cf . Yamada et al., 1980; Laterra et al., 1980) .
The dissection of fibronectin into separate polypeptide regions now permits the production of monoclonal and polyclonal antibodies to different sites that should be of value in further studies of fibronectin's functional activities and structure (Zardi  et al., 1980; Noonan et al., 1981; Atherton et al., 1981) . In addition, detailed comparisons of fibronectins from primitive organisms and recombinant DNA experiments with higher organisms may provide some insight into the puzzling question of how this single molecule might have accumulated an entire series of specific binding sites to other large extracellular macromolecules.
The chemical structures of the ABH and Lewis antigens have been determined with water-soluble blood-group substances isolated from secretions (ovarian-cyst mucin, gastric mucin). These studies have involved the use of a large variety of antibodies, lectins and transferases, and have yielded much information as to the specific requirements of the binding site of these reagents (Ginsburg, 1972; Watkins, 1972; Kabat, 1976) . Still there remain many things to be explained. In the H substances many of the anti-H reagents cannot distinguish between type 1 and type 2 structures, although at least one reagent, the goat anti-H serum, is specific for the type 1 determinants and does not bind to type 2 determinants (Lloyd et al., 1966; Marcus & Cass, 1967) . In some of the anti-Le/Le systems the type 1 and type 2 structures have similar activities, although the Lewis determinant is generally considered to be confined to type 1 structures alone (Rovis et al., 1973) . Further, the molecular basis for the existence of two A serotypes, A, and A,, and the reasons that such subgroups do not exist for the B antigen have yet to be understood (Cook & Stoddart, 1973) .
Our earlier results on milk oligosaccharides have clearly revealed that, besides the nature of the sugar residues, the overall shape of the oligosaccharide fragment is also important (Biswas & Rao, 1980) . Hence the preferred conformations of the blood-group oligosaccharides have been computed by theoretical methods in an attempt to explain their observed binding specificities to the various antibodies, lectins and enzymes.
Method of calculation
The potential energy of the molecules was computed with consideration of non-bonded, electrostatic and torsional contributions. The form of the functions and the constants used are the same as used previously (Biswas & Rao, 1980) .
Because of the possibility of restricted rotations of the sugar residues about the inter-unit glycosidic bonds, these oligosaccharide chains can assume many different conformations. These conformations are generally specified by the dihedral angles # and I + I with reference to a standard conformation. The starting conformation is defined such that, when # is equal to zero, the H,l)-C(,) bond is cis to the 0-C,, bond and when y i s equal to zero the C,,)-O bond is cis to the &(,)--H(,) bond (xis 2 in the case of 1-2-linked residues, 3 in the case of 1-3-linked residues etc.). A clockwise rotation is taken as positive. In the present study the D-sugars are assumed to be in the 4Cl conformation and the t-sugar in the 'C, conformation.
Results and discussion
The most favoured conformations for the H and Lewis determinants are shown in Figs. 1 and 2 . For the H substance ( Fig. 1) both the trisaccharide fragments, Fuca( 1-2)GaIp( 1-3)GlcNac and Fuca( 1-2)GaI/3( 14)GlcNAc, assume similar conformations suggesting that the difference in the linkage in type 1 and 2 structures does not affect the overall shape. The main difference between the preferred conformations in the two fragments is in the orientation of the side groups on the N-acetylglucosamine residue, the acetamido group and the hydroxymethyl groups interchanging their positions. On the 
